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Abstract 
Micropatterns of silica were fabricated on interdigitated array (IDA) electrode used to be the insulting layer of inner 
electrode of multilayer ceramic capacitor (MLCC) by electrophoretic deposition. A three-electrode circuit system was 
applied to deposit the silica nanoparticle on the silver IDA electrode. The three-electrode system shows better 
deposition selectively of interval. Smaller IDA electrode spacing performed faster deposition rate and lower applied 
voltage. A crack-free film of silica was deposited at 10 V applied voltage for 20 s and sintered at 800oC. The 
resistance of micropattern film is 7 x 109 ohm. The adhesion between silica layer and electrode was improved after 
sintering. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of MRS-Taiwan 
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1. Introduction 
In recent years, with the fast-growing demand of mobile phones and notebook computers, the need to 
miniaturize and integration of electronic components has been increasing. The development of small 
multilayer ceramic capacitors (MLCC) to meet the rapid development of integrated circuit and surface 
mounting technology has become an important issue for ceramic researchers. In a variety type of 
capacitors, MLCC have the highest market share. However, the capacitance of MLCC is only between the 
10-5 to 10-12 F. Therefore, the research of MLCC with both miniaturization and high capacitance has 
become an important goal in the past decade [1]. 
There are several methods to improve the capacitance of MLCC by improving dielectric constant of 
the ceramic layer [2], increasing the numbers of dielectric layers and decreasing the thickness of these 
layers to as thin as 1 µm [3-8], as well as to increase the effective area of the inner metal electrodes. As 
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the size of MLCC miniaturize, the effective area of the electrodes as the capacitor is decrease because 
part of the area is used as insulation. In this study, a novel technique was applied to fabricate insulated 
layer of inner electrode of MLCC to increase the effective capacity area to a full overlapping area of inner 
electrode. Micropattern of silica was fabricated on interdigitated array (IDA) electrode, which is an ideal 
structure of MLCC by EPD (electrophoretic deposition). 
2. Experimental
Commercial colloidal silica (S5505, Sigma-Aldrich) with average diameter of 20 nm were used as the 
insulator to cover on the micropatterns of IDA electrode by electrophoretic deposition. An interdigitated 
silver-microarray electrode having a comb-shaped two electrode structure was fabricated by Tze Chiang 
Foundation of Science and Technology, Hsinchu, Taiwan. The width and span of the microarray electrode 
range from 20-200 Pm. we will describe the length of the IDA by period (O), a period is the length of 4 
times of the width or span. 
The silica powder was dispersed in isopropanol (IPA) solution. A high energy ball miller (spex sample 
prep 8000M) and high energy ultrasonic vibrator (3510,  Branson)  were used to disperse the 
agglomeration of silica. The particle size distribution and zeta potential were characterized by a particle 
size analyzer (Malvern 3000 HAS) and zetameter (zetaprobe, Titanex corp.) 
The EPD process with a three-electrode system was carried out with a constant-voltage method in a 
beaker cell [9-10]. One working electrode and two counter electrodes were used to prepare the 
micropattern of the silica colloids. An interdigitated silver-microarray electrode having a comb-shape two 
electrode structure was used as the working electrode and the counter electrode. A Pt plate was also used 
as the second counter electrode. Two electrodes between the interdigitated microarray and the Pt plate by 
a distance of 1.5 cm and connected to a potentiostat apparatus (Versa Stat, Princeton Applied Research). 
The saturated calomel electrode (SCE) was used as reference electrode. The EPD process was carried out 
with applied dc voltage of 10-90 V for 20 s. 
After the EPD process, the sample was taken from the suspension and dried at room temperature. The 
microstructure was observed by SEM. The thickness of the silica film was measured by an Alpha-Step 
Profilometer (KLA-Tencor AS-IQ). The adhesion of the EPD silica film with the electrode was 
characterized by Nano-indentation (ASMEC UNAT) by applied 0-100 mN normal force. The resistance 
of the sample was measured by Agilent 4156 electric properties analyzer. 
3. Results and Discussion 
Fig. 1 Zeta potential of silica in isopropanol as a function of pH. 
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Figure 1 shows the zeta potential of the silica in isopropanol in various pH. In the acidic solution, the 
silica presents positive charge but its zeta potential almost near zero in the pH range from 2 to 5. The 
isoelectric point (IEP) was determined at pH= 5 for the nanosized silica particle. As the pH higher than 7, 
the surface charge of the silica change to negative and show maximum of -38 mV at pH=10.5. The 
addition of the hydroxide ion adsorbed on the surface of the silica particle and reacted with dangling bond 
of Si-OH on the silica surface. The surface lost a proton and forms a negative charge. It is also 
noteworthy that, as the pH higher than 10.5, the zeta potential of silica is reverse its charge to positive. 
Sedimentation of the silica was observed in the suspension. Thus, we control the suspension at pH=10 for 
the following EPD process. 
Fig. 2 Particle size distribution of silica dispersed by high energy ball miller and high energy ultrasonic vibration. 
Figure 2 shows the particle size distribution of silica dispersed by high energy ball miller and high 
energy ultrasonic vibration for 30 min. The distribution curve of high energy ball mill show 96% of the 
particle size in the range of 20-100 nm and no significant peak occur in the range of 300-600 nm which 
has better than that of the distribution curve of high energy ultrasonic vibration.  
Fig.3 The relationship between thickness of micropattern and applied voltage with concentration of suspension of 5 mg/ 100 ml and
deposition time of 20 seconds.  
The EPD suspension prepared by adding silica particle in IPA solution and dispersed by high energy 
ball mill at pH=10. Figure 3 shows the relationship between thickness of micropattern and applied voltage 
with concentration of 5 mg/100 ml and deposition time of 20 s.
The results showed that there are no significant depositions for the IDA period of 400-800 microns in 
all applied voltage range. Lower applied voltage deposits thinner thickness. In the same applied voltage, 
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the smaller period of IDA electrode has the higher deposition thickness due to its high electric filed 
strength between cathode and anode. 
The SEM photographs of micropattern in the period of 80 Pm (the width of electrode is 20 Pm) 
deposited in different applied voltage are shown in Fig. 4. The silica particle in the suspension is negative 
charge and move to anode of the IDA electrodes. As shown in Fig. 4, the silica colloidal particles were 
selectively deposited on the Ag conducting ribs of positive IDA electrode. The film deposited at 10 V 
displays crack-free surface but several transverse cracks appeared in the films deposited at higher voltage. 
It is because the stress induced by the shrinkage of film during drying process. Thick film has a greater 
stress and induces cracks easier. Smaller IDA electrode width performed faster deposition rate. Therefore, 
the deposited silica film should be not thicker than 1 Pm. 
Fig. 4 SEM images of silica pattern with applying (a) 10 volts (b) 30 volt s(c) 60 volts (d) 90 volts for 20 seconds. 
In order to increase the adhesion between deposited film and the substrate, the as-deposited films 
prepared by applied voltage 10V for 20 s were sintered at 800 oC for 30 mins. Figure 5 shows the SEM 
image of the silica micropattern after sintering. As shown in the figure, the film is crackless which ensure 
that the silica film retains enough insulation for the following application.
The adhesion of the as-deposited and after-sintered EPD silica film was characterized by Nano-
indentation by applied 0-100 mN normal force. The scratch test results are shown in figure 6.
Both the as-deposited and sintered curves present turning points as the lateral displacement near 10-20 
Pm. Compared with the Ag-electrode sample (no silica coating), the slope of the curve change in a 
turning point. It is mean that the turning point is result by the scratch probe scraped from Ag-electrode 
into the Al2O3 substrate. The scratch curve of the as-deposited silica sample is almost same with that of 
the no-coating Ag electrode. It is verified that the adhesion between the as-deposited silica and the Ag-
electrode is too low to resist the scratch probe. However, the curve of the after-sintered sample shows a 
new turning point at the lateral displacement of 1 Pm. We can conclude that the slope change was caused 
by the probe scraped from the sintered silica film into the Ag-electrode. The normal force is 3.19 mN. 
Thus, the adhesion of silica film can be improved by 800oC sintering.  
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Fig.5 SEM image of silica micropattern after sintering. 
Fig. 6 Scratch test results: relationship between depth under load and lateral displacement. 
The I-V curve of the sintered silica micropattern electrode was shown in Fig. 7 measured at applied 
voltage of 0-20 V. The current increases linearly with the voltage increasing. The resistance of the 
micropattern can be calculated as 7 × 10-9 ohm, which values larger than the general required insulation 
of MLCC. Base on these results, we can conclude that the EPD process using the three electrodes system 
was a fast, high selective method to deposit silica micropattern as insulation layer of MLCC.
Fig. 7 I-V curve of the silica micropattern. 
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4. Conclusions 
In this study, Micropatterns of silica were fabricated on interdigitated array (IDA) electrode which 
tried to use to be the insulting layer of inner electrode of multilayer ceramic capacitor (MLCC) by 
electrophoretic deposition. The zeta potential of silica in IPA had maximum value equals to -38mV when 
pH=10.5, and the isoelectric point is pH= 5. A three electrode system was choosing to contribute an 
electrostatic repulse force on the microelectrode to improve deposition selectivity. Fabrication of 
micropattern by EPD with three electrodes system had extremely fast deposition rate. 1-2 Pm patterns can 
be fabricated in 20 seconds. After sintering, micropattern had better adhesion. The resistivity of silica 
micropattern was enough for general MLCC application. 
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